Background: To examine the relationship between ready-to-eat (RTE) cereal consumption habits and body mass index (BMI) of a nationally representative sample of Canadians. Methods: Population-based survey of Canadians aged 12 years and older. Participants provided 7-day self-reported food diary records during the data collection period of October 2003 through September 2004. Height and weight of the respondents was also reported. Main outcome measures included frequency of RTE cereal consumption, Body Mass Index (BMI), and nutrient intakes. The sample population of 2926 aged 12 years and older was divided into three groups by frequency of RTE cereal consumption over the 7-day period: 0-1 serving, 2-3 servings and 4+ servings. Results: The RTE cereal intake ranged from 0 to greater than 8 servings over the 7 days. Males who consumed 4+ servings of RTE Cereal had significantly lower mean BMI measures than the ones who consumed 0-1 serving (P < 0.006). Significantly lower proportion of Canadians who consumed 4+ serving of RTE cereal were classified as overweight or obese than those who consumed 0-1 servings in seven days (p = 0.011). Higher cereal intake group also had favourable nutrient intake profiles than the lower cereal intake group and were more likely to meet micronutrient intake recommendations. Conclusion: Self-reported RTE cereal consumption is related to lower BMI and improved nutrient intake in Canadians aged 12 years and older.
Introduction
In recent decades, overweight and obesity are increasing health-related concerns among the adolescent and adult populations in Canada (Langlois, Garriguet, & Findlay, 2009; Vanasse, Demers, Hemiari, & Courteau, 2006) . Between 1985 and 1998 , there was an almost threefold increase in obesity among Canadian adults, from 5.6% to 14.7%, respectively (Katzmarzyk, 2002) . In addition, the 2004 Canadian Community Health Survey documented a 23.1% prevalence of obesity among individuals greater than eighteen years of age. These data demonstrate that obesity increased with age, but did not differ between men and women. However, it is noteworthy that the rates of obesity vary across Canadian health regions (Vanasse et al., 2006) . These differences in obesity rates may be related to a number of factors including socioeconomic status, household income, education, or amendable lifestyle behaviours such as dietary intake, eating habits, and physical activity (Vanasse et al., 2006; Langlois et al., 2009; Garriguet, 2009; McLaren, Godley, & MacNairn, 2009 ). The etiology for obesity is complex and is influenced by modifiable lifestyle habits, such as eating patterns and physical activity, environmental and psychosocial factors and non-modifiable genetic determinants (Bray & Champagne, 2005) . Similar to the results of studies conducted in the United States (U.S.) (Kant & Graubard, 2006; Bowman & Vinyard, 2004; Howarth, Huang, Roberts, Lin, & McCrory, 2007) empirical research demonstrates that eating habits are changing among Canadians. Canadians are consuming more meals away from home (Woodruff & Hanning, 2009) , with increased consumption of high energy, nutrient poor foods (Slater et al., 2009 ) and reduced intake of fresh fruit, vegetables and fibre (Langlois et al., 2009 ). These dietary changes likely negatively impact the body weight of Canadians. For example, empirical data have shown an association between persons who consume diets high in fibre and healthy body weights (Burgess-Champoux, Larson, Neumark-Sztainer, Hannan, & Story, 2010; Williams, Grafenauer, & O'Shea, 2008; Steffen et al., 2003) and, when adjusted for covariates, increased total energy and reduced fibre intake were significantly associated with obesity among men (Langlois et al., 2009 ).
In addition to consuming more meals away from home, there is evidence which points to the unfavourable association between breakfast omission and regulation of body weight. Research has shown that persons who skip breakfast are at increased risk for overweight (Williams, O'Neil, Keast, Cho, & Nicklas, 2009; Keski-Rahkonen, Kaprio, Rissanen, Virkkunen, & Rose, 2003; Cho, Dietrich, Brown, Clark, & Block, 2003; Ma et al., 2003) . Breakfast consumption may be an indicator for associated healthful lifestyle behaviours including adequate physical activity patterns and enhanced nutrient intake and a high quality dietary intake (Song et al., 2006; Barton et al., 2005; Cho et al., 2003) , thus facilitating body weight regulation (Song et al., 2005; Barton et al., 2005; Keski-Rahkonen et al., 2003) . Across age groups, a commonly preferred breakfast selection is ready-to-eat (RTE) cereal because of its accessibility, taste, convenience, cost, and availability (Nicklas, McQuarrie, Fastnaught, &O'Neil, 2002; Williams et al., 2009 ).
There are over 160 varieties of ready-to-eat (RTE) cereal available across Canada. Many cereals are made from whole grains and provide fibre. A typical serving of Canadian RTE cereals is 3/4 c (175 mL) to 1c (250 mL). This is true of the most commonly consumed varieties, although nutrition information among these leading choices is presented in two reference amounts-either 30 g or 55 g. Nearly all RTE cereals in Canada are fortified according to the voluntary standard permitted by Health Canada, where it is possible to add, singly or in combination a specifically limited amount of only the following vitamins and minerals: thiamine, niacin, vitamin B 6 , folic acid, pantothenic acid, magnesium, iron and zinc. Breakfast cereals are also typically low in fat and contain < 10 g of sugar per serving.
Ready-to-eat (RTE) cereal has the potential tonot only increase micronutrient, fibre, and whole grain intake, but to aid body weight control (Albertson et al., 2009; Albertson et al., 2008; Albertson Anderson, Crockett, &Goebel, 2003; Barton et al., 2005; Gibson, 2003; Berkey, Rockett, Gillman, Field, & Colditz, 2003) . Indeed, studies conducted in the U.S. have documented an inverse association between the frequency of RTE cereal consumption and body weight (Albertson et al., 2003; Albertson et al., 2008; Albertson et al., 2009; Barton et al., 2005; Cho et al., 2003) . To date, these data are not available for the Canadian population. Therefore, this research investigated the impact of RTE cereal consumption patterns on BMI and nutrient intake in Canadians ages 12+ using 7-day food intake methodology.
Methods

Dietary Intake Assessment
To determine the contribution of food consumption patterns on nutrient intake, a unique, proprietary nutrient assessment methodology was developed at the General Mills Bell Institute of Health and Nutrition (Albertson et al., 2003) . This methodology combines National Eating Trends (NET) food diary data from the NPD Group (Canada, Toronto) with portion size estimates derived from six years of National Health and Nutrition Examination Survey (NHANES) collection, 1999 collection, -2004 and nutrient data from the University of Minnesota's Nutrition Data System for Research (NDS-R) version 2008 (Nutrition Coordinating Centre, Minneapolis, MN). The resulting integrated database is processed and analysed using SAS Version 9.2 (SAS Institute, Cary, NC).
Food Consumption Data/Participants
The current study uses the comprehensive food consumption data set made available from the NPD Group, a marketing information company, with their National Eating Trends (NET) service. NET has been continuously tracking the eating habits of Americans since 1980 and Canadian population since 1998. The present research presents results on food intake from approximately 1700 households representing approximately 4,000 individuals. The sample is weighted to reflect the Canadian census based on region, household size, income, homemaker age/employment and ethnicity. The diary and reporting procedures are the same as in the U.S. This study utilized NET data collected from October 2003 through September 2004, as documented by the Canadian Census Bureau database, which is balanced according to demographics and geographics. The variables are reported at the household level and include the ages of panel participants as well as household data such as income level, size, and age of head of household. Employment status and race are also reported. NET data are provided for fifty-two sub samples whereby nearly forty households record all food and beverages consumed weekly by all household members. Seasonal variations in food intake are considered as well, as the reporting is distributed evenly throughout the year. A daily "eating diary" for one week is maintained by each household. The person most responsible for meal preparation is instructed to record the name and brand of each food and beverage consumed by all members of the household, including all additives, ingredients and cooking aids.
The diary consists of separate sections for each meal and snack situation, and collects food names, flavour descriptors, brand names, package types, product forms, appliances used in preparation, and any special nutritional attributes, among other details. The same information is collected on ingredient and additive items used to create dishes or meals in the home. At the end of each day, the recorder is instructed to mail the daily diary back to The NPD Group. After all seven daily diaries are received from a household; they are coded and made ready for data processing. The sample of 1700 households (approximately 4,300 subjects, including 3531 individuals ages 12 and older) used for this study was weighted to match Canadian demographics ( Table 1) . Out of the 3531 individuals ages 12 and older, 2926 had complete BMI information and did not meet criteria for underreporting and, thus, were used for analysis. These persons were categorized according to their gender and RTE cereal consumption pattern. 
Portion-Size Data
Canadian NET panellists record the foods and beverages consumed by household members but not the quantities. This procedure is standard for panel surveys to minimize recorder burden and thus increase reliability. Because national Canadian portion size data were unavailable, age and gender specific mean portion weights derived from NHANES 1999-2004 were assigned to each food recorded in the diary. Serving weights for individual food codes were aggregated and then collapsed for like-foods to strengthen cell sizes, and smoothed to eliminate outliers. Age and gender-specific mean serving weights were thereby determined for over 800 food types; these portions were subsequently assigned to each food recorded and coded in the NET diary.
Nutrient Data
Using the recipe component of the Nutrition Data System for Research (NDS-R) software, the investigators recorded and coded the nutrient values as documented in the NET diary. The NDS-R software analysis is precise and provides a complete nutrient values for 160 nutrients for more than 18,000 foods, including many brand-name products. Each food or recipe was entered into NDS-R per 100 grams of that food, and closely matched to the description provided in the NET diary. Recipes were created to account for foods with special nutritional attributes (i.e. low fat, fat-free, low cholesterol, calcium fortified, low sodium, or reduced sodium). Because NDS-R reports nutrient values for the U.S. food supply, considerable adjustment were made "recipes" to match nutrient values reported in Canadian Nutrient File (CNF) (Health Canada, Canadian Nutrient File, 2007) . Particular attention was made to enriched and fortified foods such as ready-to-eat cereals and dairy products.
Data Tabulation
In order to estimate the potential effect of RTE cereal consumption on body weight measures and nutrient intakes, the frequency of RTE cereal consumption in 7 days was recorded for each participant. Intake of cereal was considered as a categorical variable. Because the distribution of cereal is not symmetrical and somewhat truncated, quartiles were not used to categorize the data. Rather, the population was classified into three groups based on cereal consumption patterns during the 7-day data collection period: 0-1, 2-3 servings and 4 servings and more servings. For the purposes of this analysis, a "serving" is a record of cereal consumption and is assigned an age/gender appropriate mean serving amount.
Body Mass Index
Individual, self-reported heights and weights were recorded in the diary for each respondent and used to calculate BMI according to the formula
BMI = weight (kilograms)/height (meters)
(1)
Overweight was defined as a BMI ≥ 25 and obese was defined as a BMI ≥ 30 (29). Study sample participants who did not record height and/or weight (n=605) were excluded from the analysis. Final sample size of the study was 2926 adults (1246 men and 1680 women). 
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Figure 1:
An invers directional Total daily energy intake differed across cereal consumption tertiles (Table 5 ). There was a positive association between cereal consumption frequency and energy intake (p < 0.0001). Despite this association, there were no differences in total daily fat, saturated fat, trans fat, or cholesterol intake among cereal consumption tertiles (Table 5 ).Daily intakes of fibre, potassium, vitamin A, vitamin C, vitamin E, thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, calcium, vitamin D, magnesium, iron and zinc all increased with increasing consumption of RTE cereal (Table 5) , and each of these relationships was statistically significant. The percentage of the population consuming less than 100% of their EARs was also analyzed by cereal consumption tertile. A high proportion of the sample did not meet their EARs for vitamin E (96.2%), magnesium (69.1%) and vitamin A (51.5%) ( Table 6 ). The proportion of Canadians not meeting their EARs for vitamin A, vitamin C, thiamin, riboflavin, niacin, vitamin B6, vitamin B12, folate, magnesium, iron and zinc was significantly greater in the lowest tertile of cereal consumption (0-1 servings) when compared to the highest (4+ servings) (Table 6 ). 
Discussion
To date, this research is the first to present the findings of RTE cereal consumption patterns on body weight measures and nutrient intake in Canadians aged twelve years or greater, using validated 7-day food intake methodology. Similar to previous studies conducted among persons in the U.S. (Albertson et al., 2003; Albertson et al., 2009; Barton et al., 2005; Cho et al., 2003; Song et al., 2005) , this research demonstrated a positive association between consumption of RTE cereal and body weight measures. However, unlike past studies (Albertson et al., 2003; Albertson et al., 2009; Barton et al., 2005; Cho et al., 2003) , the association between RTE cereal consumption and BMI differed by gender and weight status. An inverse assocation between BMI and frequency of RTE cereal consumption was statistically significant for males, as well as for the proportion of overweight or obese persons in the full sample population. Other research has shown that there are gender-and age-related differences in regularity in breakfast consumption, and hence RTE cereal intake. More specifically, evidence demonstrates that females omit breakfast more often than males, and this pattern of intake begins as children transition through adolescenceand is often related to the desire to lose weight (Woodruff & Hanning, 2009; Rampersaud et al., 2005; Berkey et al., 2003) Further, in efforts to lose weight, those persons who are overweight or obese omit the breakfast meal more often compared with those of normal weight (Alexander et al., 2009; Williams et al., 2008; Song et al., 2005) . Thus, the relationship between RTE cereal consumption and body weight is complex, but it appears that RTE cereal may assist with control of body weight (Crockett & Affenito, 2012) . Vol. 2, No. 3; In addition to the potential contribution of RTE cereal consumption to regulation of body weight, findings of the current study point to the favorable association between RTE cereal consumption and nutrient intake. Those persons who consumed RTE cereal most often had improved nutrient intakes and were more likely to meet the dietary reference standard, compared with those who do consume RTE cereal less often or not at all. These results are in agreement with past research conducted in the U.S. (Deshmukh-Taskar et al., 2010; Albertson et al., 2003; Song et al., 2006; Barton et al., 2005; Gibson, 2003; Albertson et al., 2008; Cho et al., 2003) , reflecting the significant contribution of RTE cereal to diet quality. However, despite increased nutrient intake in cereal consumers, intake of several nutrients, such as vitamin E, magnesium, and vitamin A, calcium, vitamin D, and potassium, remained below the reference standard. In studies assessing micronutrient intake among Canadians, the prevalence of reduced intake of calcium was found to be undesirably high across all age groups (Poliquin, Joseph, &Gray-Donald, 2009 ). Over recent years, calcium fortification and supplement use have reduced the prevalence of inadequacy, yet mean intakes remain below the Dietary Reference Intakes (DRIs), particularly for women over 50 years. Findings of the current study also parallel data from a rigorous study employing dietary assessment interviews of indigenous adults of 44 representative communities of Yukon First Nations (n=797), Dene/Métis, (n = 1007) and Inuit (n = 1525). Using the EAR cut-point method, nutrients of concern, which were defined to fall significantly below the goal value included magnesium, folate, vitamin A, vitamin C and vitamin E. In addition, for those nutrients in which Adequate Intake (AI) reference standards are available, under desirably high nutrient intakes were documented forfiber, n-6 fatty acids and calcium (Kuhnlein, Receveur, Soueida, & Berti, 2008) . Further, intake of vitamin A was found to be suboptimal, particularly among the younger generations of Inuit men and women (Egeland et al., 2004) .These results may reflect a reduced intake of fresh fruits and vegetables and dairy products (Garriguet, 2009 ) as well as increased consumption of convenience foods, snack foods, and meals eaten away from home (Woodruff & Hanning, 2009 ). Thus, nutrition education efforts are necessary to target these shortfall nutrients and to encourage healthful eating patterns at and away from the home environment.
Limitations of the current study should be kept in mind when interpreting these data. Dietary data were collected by self-report, a method that is subject to recall errors and underreporting (Garriguet, 2008) . However, instructions provided for panellists to fully describe food intakes and return of daily food intake diaries may offset this limitation. A second limitation is related to the estimates of portion size, which were applied based on the average serving size for age 20 and gender groups reported in national surveys. When estimating the portion size, the estimates assumed that the average serving size applies to all individuals of same age and gender. This assumption clearly provides errors of the estimate for the individual. However, when applied to the total sample it would be expected that mean intakes would approximate estimates of intake provided by dietary survey data (Albertson et al., 2003 ). This appears to be true because of the agreement with previously published population-based surveys (Cho et al., 2003; Albertson et al., 2003) . In addition, it should be noted that differences in the mean comparisons across categories of RTE cereal consumption cannot be explained by an error in accuracy of the estimate of total intake, an error which would be present across all categories (Albertson et al., 2003) . Finally, nutrient intake was assessed by using data adjusted for day-to-day variation, which may have reduced error when estimating the prevalence of intakes below a specified reference value (Jahns, Arab, Carriquiry, & Popkin, 2005) .
Conclusions
Canadians who frequently consume RTE cereals have healthier BMI and are less likely to be overweight or obese compared to those who seldom or never consume RTE cereals. In addition, RTE cereal consumption was related to improved nutrient intakes in Canadians age 12 years and older. As part of a healthful eating pattern, RTE cereal consumption should be encouraged to promote the maintenance of healthy body weight and positive nutrient intake.
